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ABSTRACT 
 
The project investigator designed and built two algae photo bioreactors, one of which was 
integrated into a test pond where Melinda Keller conducted heat transfer experiments 
with fluctuating temperatures. The other was used as a control experiment. The project 
investigator decided to test a thermophilic strain of algae in this system. To obtain 
optimum culture growth, the project investigator implemented an air mixing system into 
the photo bioreactor. The air mixing system promotes gas exchange between the fluid and 
the algae cells.  
 
After algae were cultured in the Food Science and Nutrition Lab at Cal Poly, the project 
investigator introduced thermophilic algae into both photo bioreactors at Melinda 
Keller’s test pond and control tank. Data from all the cultures were used to create growth 
curves. The control experiment grew slowly and appeared to be stressed constantly due to 
lower temperatures. The photo bioreactor in Melinda Keller’s test pond responded well to 
the temperature fluctuations and experienced healthy growth. The cell counts showed 
steady growth to a maximum culture density. The project investigator concluded that a 
thermophilic stain of algae is suitable for the temperature environment being created by 
Melinda Keller’s heat transfer experiments. 
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DISCLAIMER STATEMENT 
 
The university makes it clear that the information forwarded herewith is a project 
resulting from a class assignment and has been graded and accepted only as a fulfillment 
of a course requirement. Acceptance by the university does not imply technical accuracy 
or reliability. Any use of the information in this report is made by the user(s) at his/her 
own risk, which may include catastrophic failure of the device or infringement of patent 
or copyright laws. 
 
Therefore, the recipient and/or user of the information contained in this report agrees to 
indemnify, defend and save harmless the State its officers, agents and employees from 
any and all claims and losses accruing or resulting to any person, firm, or corporation 
who may be injured or damaged as a result of the use of this report.  
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INTRODUCTION 
 
Background 
 
From 1978 to 1996, the United States Department of Energy (USDOE) funded a program 
known as the Aquatic Species Program (ASP). The focus of this program was to research 
algae for a renewable source of transportation fuel. The ASP collected and classified over 
3000 strains of organisms. Algae were collected based of their ability to produce lipids or 
natural oils that can be transformed into various biofuels. Lipids are produced as a bi-
product of photosynthesis. Photosynthesis is the process where algae convert solar energy 
(photons), nutrients, and carbon dioxide into biomass and oxygen. The scientists were 
looking for possible candidates that were highly productive and were capable of living in 
harsh environmental conditions. Other scientists involved performed research to identify 
genes within the algae that would trigger lipid growth.  Biofuel is not the only application 
for the mass production of algae. Since the 1970’s many scientists have determined a 
wide range of uses for algae. Algal products have been used in the food, cosmetic and 
pharmaceutical industries. Different algae products require different methods of 
production. For biodiesel production, open pond cultivation is used. Isolated or closed 
system cultures are grown when culture purity is of importance. For example 
pharmaceutical and food products derived from algae need to be pure to ensure a quality 
product. 
 
Since September 2009, Professor Melinda Keller of the Mechanical Engineering 
Department has been leading a project at California Polytechnic State University at San 
Luis Obispo. The scope of this project is to characterize the heat transfer of an artificial 
heated pond.  The pond is equipped with 15 horizontal floating tubes, which are partially 
submerged. The profile of each tube is such that 50% of the tube is filled with water and 
50% air. The air portion of the tube is above water and allows heat from the pond to be 
transferred from the water and into the air. Ambient air is pumped into each of the tubes 
and travels across the length of the pond. As the air travels from one end of the pond to 
the other heat is transferred from the pond water and to the forced air. The horizontal 
tubes are excellent candidates to be used as a photo-bioreactor to grow algae. The algae 
candidate chosen is adapted to the environmental conditions given by Professor Melinda 
Keller’s project. 
 
Justification 
 
Since 1998 the price of gasoline and diesel has quadrupled. In the report released by the 
National Renewable Energy Laboratory (NREL), the production of biofuels from 
microalgae was projected to be twice as costly as the production of fossil based 
petroleum fuels. This dramatic change in price in recent years suggests that production of 
renewable fuels is more viable now. 
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The project investigator participated in an internship at Combined Power LLC in the 
summer of 2012. Combined Power LLC is located in San Diego California and is 
undergoing research to create an alternative energy platform”. The project investigator is 
currently under a “non-disclosure agreement” and is not at liberty to discuss specific 
details about the technology that is being developed. Additional information about 
Combined Power LLC can be found at (http://combinedpower.com/index.htm).  While 
working with Combined Power LLC, the project investigator was donated a small sample 
of a thermophilic algae to conduct this senior project. Being a start-up company, 
Combined Power and its employees have limited resources and can benefit from research 
being done in the state of the art facilities at California Polytechnic State University at 
San Luis Obispo. The specimen donated is a Cyanobacteria and is confirmed to be of the 
genus Synechococcus. This organism is adapted to higher temperatures and is a perfect 
candidate to be tested in Professor Melinda Keller’s heated pond. 
 
Professor Melinda Keller made one of the horizontal tubes in her artificial pond available 
to the project investigator for concurrent algae cultivation. As a product of algae 
cultivation, unwanted carbon dioxide emissions can be consumed. The geometry of the 
tubes in Professor Melinda Keller’s project closely resembles the platform that was 
researched and developed at Combined Power LLC. The research and skills acquired 
throughout this project will prepare the investigator for the renewable energy and 
biotechnology industry. 
 
Objectives 
 
The goal is to design and build a photo-bioreactor with the existing hardware provided by 
Melinda Keller’s heat transfer project. A thermophilic algae strain will be inoculated into 
a horizontal photo-bioreactor. The thermophilic algae are to survive the thermal cycling 
of Professor Melinda Keller’s pond, and prove to be an environmentally friendly system 
that utilizes waste heat to produce biomass and consume carbon dioxide. 
 
Another goal is to provide a 20-liter culture of the algae to deliver to Combined Power 
LLC. The culture will be used by Combined Power LLC to conduct experiments on their 
own photo-bioreactor. 
 
Another goal is to culture a small sample of algae for the “Boeing for Biofuels Project.” 
Other students from California Polytechnic State University at San Luis Obispo are 
researching a technique for lysing algae cells in the Food Processing Lab. The students 
plan to test several strains of algae in their project. The strain donated by Combined 
Power is unique to any strain that is currently being cultured in the Food Processing Lab 
at California Polytechnic State University at San Luis Obispo. 
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LITERATURE REVIEW 
Background of Energy Crisis 
 
In 1978 to 1996 the United States Department of Energy’s Office of Fuels Development 
funded a program to develop new fuels for transportation. The scope of this program was 
to research algae and its applications in creating renewable fuels. This program is referred 
to as the Aquatic Species Program or “ASP”.  The focus of the program was to produce 
biodiesel from microalgae. Specifically the researchers wanted to use microalgae with 
high lipid-content (oil). Microalgae with high lipid contents have more naturally 
produced oils that can be used to produce biofuels. The researchers of the ASP collected, 
screened, and characterized 3000 unique strains. Samples came from all corners of the 
continental US as well as Hawaii. These strains are now being housed at the University of 
Hawaii, and are still available to researchers (NREL, 1998). The goal of this research was 
to find a candidate that could be used to mass-produce biodiesel. Diesel is widely used 
across America in industrial applications as well as transportation. Bio-diesel is 
compatible with existing diesel engines. An existing infrastructure for diesel fuel in the 
United States makes it possible for small bio-diesel producers to grow and expand their 
business at their own pace. Biofuel as drop-in fuels can slowly create competition with 
petroleum fuels such as gasoline and diesels. 
 
Data from the US Energy Information Administration shows how the price of petroleum 
based gasoline and diesel have increased dramatically since the 1900’s. Currently the 
average national cost of gasoline in the United States is $3.538 per gallon (EIA, 2013). 
Diesel on average in the United States costs $4.022 per gallon (EIA, 2013). In figures 1 
and 2 below and on the next page, the cost of gasoline and diesel in the early 1990’s was 
$1.00 per gallon. The price of gasoline has tripled and the price of diesel has quadrupled 
(EIA, 2013). At the end of the ASP in 1998, researchers stated that the cost to produce 
biodiesel was twice as the cost to produce petroleum diesel fuel (NREL, 1998). This data 
suggests that biofuel production from microalgae in current times is more feasible then it 
was during the ASP and in some cases could be economically competitive with today’s 
petroleum fuels. With these economical changes, the research of microalgae for biofuels 
is justified. 
 
 
Figure 1: Gasoline cost increase since the closeout of the NREL in 1996. (EIA, 2013) 
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Figure 2: Diesel cost increase since the closeout of the NREL in 1996. (EIA, 2013) 
 
Introduction to Microalgae 
 
Originally the ASP studied microalgae, macro-algae or generally known as seaweed, and 
terrestrial plants. Only microalgae produce the right kinds of natural oils or lipids needed 
to produce drop-in biofuels. Once this discovery was made, the ASP exclusively began to 
research microalgae for biofuel production (NREL, 1998).  
 
Plants, algae, and photosynthetic bacteria all are capable of converting the sun’s energy 
into biomass. In the process of photosynthesis the organism combines water and carbon 
dioxide by using the energy of sunlight (NREL, 1998). Carbon dioxide is the basis for 
formation of biomass by plants through the use of photosynthesis. The exhaust gas from a 
coal power plant is known to be approximately 14% carbon dioxide (Bayless, 2000). The 
earth’s atmosphere contains ~395 ppm of carbon dioxide (NOAA, 2013).  Bayless states 
that 2.97 cubic meters of carbon dioxide was used in his photo-bioreactor. 10.2 grams of 
carbon dioxide was absorbed by cyanobacteria, or the algae consumed 19% of the carbon 
dioxide (Bayless, 2000). Using flue gas from a coal power plant could be an effective 
way to reduce carbon emissions while producing biomass, which can be processed and 
used as a renewable fuel (Bayless, 2000). Figure 3 below illustrates the process of 
converting carbon dioxide into biomass. 
 
 
Figure 3. Illustration of carbon dioxide conversion by photosynthesis. (Bayless, 2000) 
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Researchers from the ASP studied the different microalgae strains collected to find an 
optimum strain for biofuel production. The researchers studied the microalgae’s ability to 
produce oils naturally, but also studied the amount of tolerance strains have against harsh 
environments. In order to scale-up production of microalgae, it must be tolerant to 
extreme conditions. These conditions may include fluctuating temperature, pH and 
salinity. The production of oil in microalgae is the ability for microalgae to produce 
lipids. Researchers from the ASP found that under environmental stresses some 
microalgae could activate dormant genetic sequences to produce lipids (NREL, 1998). 
Nutrient deficiency was a major factor that was studied to find the “trigger” to coax the 
microalgae into producing higher lipid content. When microalgae stop cell division, the 
production of oil within the cell increases. To achieve maximum overall productivity of 
oil, the microalgae would produce the oils while still rapidly dividing (NREL, 1998). A 
process optimization could be formulated to algae production. To effectively produce 
algae on a large scale a grower would need to know how to stress the culture at the 
correct time in order to achieve maximum yields. 
 
Biomass-production requires microalgae to convert solar energy into organic matter very 
efficiently. Potential land, water and carbon dioxide resources could also affect feasibility 
of production of biofuels from microalgae. The ASP found that algae can live in saline 
conditions, and the fresh water resources would not be diminished by the production of 
microalgae. 200,000 hectares of land or 0.1% of the United States would be enough land 
to produce 1 quad of fuel (NREL, 1998). 1 quad is equivalent to 10^15 BTU’s of energy. 
(NREL, 1998) One gallon of gasoline contains 1.24x10^5 BTU of energy (Hinrichs, 
2013). This translates to 8.06x10^9 gallons of gasoline in 1 quad. After the ASP looked 
at these factors, they found that resource limitations were not grounds for ending the 
research (NREL, 1998). 
 
Microalgae Production Systems 
 
Systems used to grow algae can be different depending on the strain of algae chosen for 
production. Figure 4 below contrasts two types of systems used in microalgae production. 
Open pond systems consist of shallow ponds where algae are cultivated. These systems 
are usually mixed with a paddle wheel and can range from 300 m
2
 to 4000 m
2 
(Jonker, 
2012). Common open pond systems produce 5-35 grams of dry algae biomass per square 
meter per day (Jonker, 2012). It is difficult to control a species of algae in an open pond 
application since contamination of the water is difficult to control. In a closed system 
photo-bioreactor or “PBR” the algae strain can be isolated. This isolation can help insure 
that only the desired species is being produced. This type of control is required when 
producing bi-products for food products or the pharmaceutical industry (Barbosa, 2003). 
An example of a closed system photo-bioreactor is a horizontal tubular system. In this 
system an array of light permeable horizontal tubes are used to grow algae. Proper 
mixing is essential for the horizontal tubular system to work. If managed correctly a 
system like this can yield 14-48 grams of dry algae biomass per square meter per day 
(Jonker, 2012). According to Jonker, the closed system will yield more biomass per 
square meter per day. Olsen states when using an open pond system the water-use can 
become an issue. In these systems the water is free to evaporate into the atmosphere, 
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whereas in a closed system or photo-bioreactor the water-use is considered good (Olsen, 
2009). Developing a closed system is more desirable due to the higher productivity stated 
by Jonker, and the improved water use stated by Olsen. 
 
 
Figure 4: Advantages of using photo-bioreactors vs. open ponds. (Olsen, 2009) 
 
High cell density of an algal culture is desired when growing microalgae. Factors that 
affect the cell density include liquid circulation time, hydrodynamic stress, light regime, 
and mass transfer (Barbosa, 2003).  In high-density cultures light and dark regions of the 
photo bioreactor occur naturally. Light regions are closer to the sun’s light and the algae 
shading each other create dark regions. Turbulence of the algae circulates the cells within 
the photo-bioreactor and promotes a fast circulation from light to dark zones of the PBR. 
These types of light/dark cycles are said to increase productivity of algal cultures. The 
importance of hydrodynamic stress increases as the size of the culture does. In some PBR 
applications air is bubbled into the culture to promote gas exchange. Pumping in too 
much air into a culture can cause cell damage. Bubbles of air that reach the surface of the 
water and burst cause the algae cell’s walls to burst. Algae have a very low tolerance to 
shear stress (Barbosa, 2003). 
 
Blue-green algae are categorized as cyanobacteria. The optimum temperatures at which 
blue-green algae grow are between 20-30 degrees Celsius. Blue-green algae thrive in an 
environment where the water is warmer. Near Madison Wisconsin at Lake Mendota the 
concentration of blue-green algae is insignificant until the weather warms up and the lake 
becomes warmer.  A study done analyzing blue-green algae from Lake Mendota showed 
that at lower temperatures photosynthesis still occurs, but the amount of carbon dioxide 
fixed by the algae at this low temperature was only 50% of the carbon dioxide fixed by 
algae grown at the optimum temperature. (Konopka, 1978) The maximum constant 
temperature that can sustain growth under natural conditions is still unknown for most 
cyanobacteria. The upper limit for high temperature algae may be 73-74 degrees Celsius. 
The strain Synechococcus has been discovered in a hot spring at Wyoming’s Yellowstone 
National Park. Temperatures were recorded as high as 73 degrees Celsius. 
Synechococcus is usually the only cyanophyte that is found to grow at temperatures 
above 58 degrees Celsius. Most of the thermophile cyanobacteria grow poorly or not at 
all below 30-35 degrees Celsius. Certain types of Synechococcus will not grow below 55 
to 50 degrees Celsius. In Figure 5 below is a collection of Blue-Green algae that were 
collected from thermal springs. The percentage of maximum photosynthesis was 
compared to the temperature of the culture. The optimum temperature for the various 
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strains in Figure 5 ranges from 45-60 degrees Celsius. Specifically for the Synechococcus 
strain, the optimum temperature to achieve maximum photosynthesis was in the range 
from 50-60 degrees Celsius (Castenholz, 1969). 
 
 
Figure 5: Temperature of Synechococcus compared to maximum rate of photosynthesis 
(Castenholz, 1969). 
 
Potential Uses for Algal Biomass 
 
Allergic diseases are a public health concern in the developed world. Allergies are caused 
by an exaggerated reaction of the immune system. Animal dander, house dust, foods, 
pollen, insects, and chemical agents can cause these reactions. Some marine algae have 
been found to possess the ability to produce biologically active substances that can be 
used in the pharmaceutical industry to help keep people healthy. The properties of some 
of these bioactive substances include, anti-coagulant, anti-viral, anti-oxidant, anti-
allergic, anti-cancer, anti-inflammatory, and anti-obesity (Thang-Sang et al., 2012). 
These characteristics could address a wide range of issues and could help produce 
pharmaceuticals that could save lives. These same algae also contain essential 
compounds for human nutrition. In Korea the use of the brown algae Sargassum 
hemiphullum is used as a folk medicine to therapeutically treat various allergic diseases 
(Thang-Sang et al., 2012). The current drugs used to treat allergies help reduce 
symptoms, but do not halt the progression of the allergic disease. The need for drugs with 
higher anti-allergy activity is increasing. Algae’s natural bioactive compounds are great 
sources for the development of new more effective drugs with fewer side effects (Thang-
Sang et al., 2012). 
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The food industry in many countries consume a wide range of algae the algae is known to 
have high contents of fiber, minerals, vitamins, and different antioxidants. (Cardozo et 
al., 2007) Microalgae produce highly bioactive macromolecules, and have been used as 
additives in a variety of human foods and animal feeds. The additives include 
carotenoids, long-chain polyunsaturated fatty acids, proteins, chlorophylls, vitamins, and 
unique pigments (Thang-Sang et al., 2012). Originally specific algae were harvested from 
the wild for their known benefits. In recent times there has been a shift towards controlled 
cultivation to produce algae and its bi-products on a larger scale. Also these same marine 
and freshwater algae are known to produce toxins. These toxins need to be monitored so 
that local water supplies are not contaminated (Cardozo et al., 2007).  
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PROCEDURES AND METHODS 
Algae Collection in Mammoth Lakes California 
 
Thermophilic Algae from Hot Springs. During the 2012 summer the project investigator 
completed an internship with a start-up company, Combined Power. The CEO, John 
King, told the project investigator about how he had collected several thermophilic algae 
strains. During his travels he visited various hot springs around the world to collect 
samples of algae. The CEO would eventually test the various strains in a renewable 
energy platform that he and his employees have been developing in Santee, San Diego. 
The CEO hypothesized that the renewable energy platform could create a suitable 
environment for thermophilic algae to grow. 
 
CP Connect Grant. On March 19, 2013, Melinda Keller and the project investigator were 
awarded a grant through the CPConnect organization at Cal Poly State University.  The 
grant proposal and memo awarding $2500 to Melinda Keller and the project group can be 
found in Appendix A. 
 
Mammoth Lakes Hot Spring. Using funds awarded by the CPConnect grant, the project 
investigator traveled to Mammoth Lakes, CA to investigate hot springs. The purpose of 
the trip was to collect samples of algae from hot springs. Thermophilic algae are suited to 
warmer temperatures. The project investigator hypothesized that a strain of algae found 
in a hot spring could have the best chance to survive and grow in the horizontal photo-
bioreactor (PBR) integrated into Melinda Keller’s heat transfer experiments. These heat 
transfer experiments cause the temperature of the water in which the PBR is partially 
submerged to fluctuate from ambient (50-60 degrees F) to nearly 100 degrees F.  Prior to 
the trip Melinda Keller showed the project investigator some potential hot springs in the 
Mammoth Lakes area using Google Maps. The project investigator chose Shepard’s Hot 
Spring as a potential site to collect a thermophilic strain of algae. The project investigator 
collected samples to be analyzed in the FSN Lab using the microscope. The goal was to 
find a strain of algae that could be isolated and tested in Melinda Keller’s pond system. 
The hot spring is located off the California highway 395 on Whitmore Tubs Road near 
the Mammoth Yosemite Airport. Figure 6 below shows the location of Shepard’s Hot 
Spring on a map.  
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Figure 6. Shepard’s Hot Spring map, Mammoth Lakes CA. (Google Maps, 2013) 
 
Design/Construction of Main Photo-Bioreactor Pond (PBR) System 
 
Melinda Keller’s heat transfer pond had existing hardware, which was suitable to 
inoculate with a sample of algae. The hardware for the horizontal photo-bioreactor has 
been developed and donated to Melinda Keller by Combined Power. The system being 
used consists of 15 tubes floating in an artificial test pond. In Figure 7 below a rendering 
of the test pond with 15 floating tubes is shown. Combined Power custom manufactures 
the tubes with thin plastic sheets. The tubes are connected at each end by end caps. These 
end caps allow the tubes to inflate and float on the water. The tubes are approximately 8 
meters long and have a 6 inch diameter.  
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Figure 7. Artificial test pond. 
 
 The Main PBR for this project is located in one of the tubes described in Figure 7. The 
Main PBR is constructed with two end-cap assemblies connected to two plastic tubes. 
The components are assembled to create a floating horizontal PBR. Examples of how the 
hardware is assembled can be found in Appendix B. The PBR is designed to integrate 
with Melinda Keller’s heat transfer experiments. Melinda Keller’s experiment requires 
the Tube Assembly to be submerged 50% in order to obtain optimum heat transfer. 
Figure 8 below shows the position of the Main PBR with respect to the water level in 
Melinda Keller’s test pond. The 50% of the tube cross-section above the water level is 
occupied by an inner tube. Fans outside of the pond pumps air into the inner tube and 
inflate the 15 tubes system. The pumped air travels across the 8-meter length of the pond 
and exits at the other end. Melinda Keller is studying the airflow’s effects on the 
temperature of the heated test pond.  
 
 
Figure 8. Main PBR with respect to water level. 
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For a productive algal culture to exist, the fluid in the PBR needs to be mixed. In addition 
to the hardware that was donated by Combined Power, the project investigator developed 
an air mixing system. The system consists of vinyl tubing with a small hole placed every 
meter. The tubing is connected to an air pump that bubbles air from each hole along the 
length of the PBR. The vinyl tubing is weighted so that the bubbles have travel from the 
very bottom of the PBR. As the bubbles from the vinyl-tubing rise through the algae 
culture, the fluid is agitated and creates a mixing effect. SolidWorks renderings of the 
Main PBR can be found in Appendix B. 
 
Design/Construction of Control PBR 
 
The heat transfer experiments require that the main PBR undergo temperature cycling. A 
1-meter by 1-meter control tank is used to set a baseline for the heat transfer data 
collected by Melinda Keller. Using this same control tank, a control experiment was 
designed. The control tank is not heated and models a natural pond. The Control PBR 
will set a baseline for algae productivity. The design of the control PBR was modeled 
after the main PBR system. The main PBR system is 2 feet long and has an approximate 
tube diameter of six inches. A six-inch diameter clear PVC pipe was purchased to 
construct the control PBR. Additionally two six-inch PVC end caps were used the mimic 
the end caps developed by Combined Power. An air mixing system similar to the main 
PBR was also used with the Control PBR. SolidWorks renderings of the control PBR can 
be found in Appendix B. 
 
Procedures for Cultivating Algae 
 
Stock algae culture. Combined Power donated a 600mL stock culture of thermophilic 
algae. The donated algae are classified as: Blue-green algae, Cyanobacteria, and 
Synechococcus. The project investigator drove to Santee, San Diego to collect the stock 
solution from Josefin Vandermeer. Josefin is a Swedish exchange student working for 
Combined Power to complete her master’s thesis in Biotechnology. In her experiments 
she has tested samples of algae collected by Combined Power. She determined the 
Synechococcus strain to be the most resistant to environmental stresses. This strain was 
donated to the project investigator to conduct an evaluation of thermophilic algae in a 
horizontal photo bioreactor.  
 
Nutrient Media. Dr. Brian Hampson suggested using a simple nutrient media. Bristol 
Medium was readily available since it is used often to culture algae in the FSN lab at Cal 
Poly. Bristol Medium was prepared following the recipe found on the UTEX website. 
The Bristol Medium recipe can be found in Appendix C. Once the medium is made, it is 
required to be pasteurized. Pasteurization is when the medium is heated past 135 degrees 
F to destroy harmful microorganisms without any major changes to the chemistry of the 
medium. The medium is cooled to ambient temperature while being mixed using a 
magnetic stir plate. Once cooled to room temperature the nutrient medium is ready to be 
inoculated with a sample of algae. 1L, 5.55L, 20L, and 80L batches of Bristol Medium 
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were required for this project. The 80 L volume of Bristol Medium was created 
differently. See the discussion section of the report for more information. 
 
Culture Scaling. 10mL of the stock culture is mixed with 990mL of Bristol Medium to 
create a 1L culture. Once the 1L culture reaches an appropriate culture density, the algae 
are transferred to a 20L container. Dr. Hampson suggested that the culture be transferred 
when the culture density reaches ~1x10^6 [cells/mL]. The project investigator used a 
concentration of 1x10^6 [cells/mL] as the transfer threshold for all cultures. Once the 
20L culture has reached the transfer threshold (~1x10^6 [cells/mL]), 8 liters of the culture 
are taken to transfer to the 80L main PBR. Dr. Hampson suggested using 10% of the PBR 
volume as the transfer volume to optimize growth curve data. 
 
Procedures for Quantifying Culture Density  
 
A counting chamber (hemocytometer) was used to quantify the culture density for 
various algae cultures tested. The counting chamber was viewed under a microscope in 
the FSN Lab at Cal Poly. Depending on the density of the culture the investigator used 
two different methods to determine the density of the algal cultures. Small volumes of the 
cultures are required to estimate the density of the cultures. The project investigator 
counted cells often to create growth curves. Instructions on how to use a counting 
chamber can be found in Appendix D. The Big Red Circle Method was used to count 
low-density cultures. This method is described in Appendix D. The Small Blue Circle 
Method was used to count high-density cultures. This method is described in Appendix 
D. 
 
1L Lab Culture Cell Count. A small sample of the culture (<5mL) is taken and counted 
using one of the two methods described above and in Appendix D. 
 
20L Lab Culture Cell Count. A small sample of the culture (<5mL) is taken and counted 
using one of the two methods described above and in Appendix D. 
 
Control PBR Cell Count. A small sample of the culture (<5mL) is taken and counted 
using one of the two methods described above and in Appendix D. 
 
80L PBR Cell Count. Two small samples of the culture (<5mL) are taken and counted 
using one of two methods described above and in Appendix D. Two samples are taken at 
opposite ends of the main PBR to indicate that the culture is being mixed. 
 
In Figure 9 on the next page shows an example of samples taken from the Main PBR and 
the Control PBR are shown. 
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Figure 9. Algae samples, Main PBR & Control PBR. 
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RESULTS 
 
Algae Growth Results 
 
This sub-section of the results presents the growth curves for the various cultures that 
were developed and scaled-up during the course of this senior project. A graphical 
representation of the data is shown in this section, and the data, which the charts were 
derived, can be found in Appendix E. 
 
During growth micro-algae undergo five stages of growth. The phases are shown in 
Figure 10 below. The growth curves obtained by the project investigator are compared to 
this standard growth cycle. 
 
 
Figure 10.  5 stages of growth for micro-algae. (Lavens). 
 
Culture #1 
Culture Classification: Genus- Synechococcus 
Inoculation: January 25, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 1 liter (FSN Lab) 
 
The initial algae culture growth curve is shown in Figure 11 below. The table was created 
using the data from Table 1 in Appendix E. The initial culture density on January 25 was 
approximately 1000 cells/mL, and at the time of culture transfer the density was most 
nearly 1,000,000 cells/mL.  
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Figure 11. 1L culture density, 1/25/13-2/12/13. 
 
Culture #2 
Culture Classification: Genus- Synechococcus 
Inoculation: February 12, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 19 liter (FSN Lab) 
 
Once the initial culture reached the transfer threshold of 1,000,000 cells/mL, the culture 
was then transferred to a 20L Nalgene carboy. The 1-liter culture was mixed with 18 
liters of Bristol Media. Culture #2 had a start date of February 12, 2013, and an initial 
culture density of approximately 106,000 cells/mL. After 4 days of growth, the 
temperature in the culture was found to be 111 degrees F. After 7 days of growth the 
culture lost its green pigment and turned into a clear fluid. Figure 12 on the next page 
shows the difference in pigment before day 4 and after day 7.  
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Figure 12. Culture pigment comparison. 
 
This culture was not transferred to a larger size but was discarded due to its unfavorable 
pigment. The project investigator used the stock solution to start another 1L culture. The 
growth curve for this culture is show below in Figure 13. The figure was created using 
the data from Table 2 in Appendix E. 
 
 
Figure 13. 19L culture density, 2/12/13-2/19/13. 
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Culture #3 
Culture Classification: Genus- Synechococcus 
Inoculation: February 21, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 1 liter (FSN Lab) 
 
After culture #2 lost its pigment, the project investigator discarded the culture and used 
the stock solution to start a new 1L culture. The initial culture density on February 21 
was approximately 1,666 cells/mL, and at the time of culture transfer the density was 
most nearly 1,805,000 cells/mL. Figure 14 below shows the cell density with respect to 
time. The figure was created using the data from Table 3 in Appendix E. 
 
 
 
Figure 14. 1L culture density, 2/21/13 - 3/16/13. 
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Culture #4 
Culture Classification: Genus- Synechococcus 
Inoculation: March 16, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 19 liter (FSN Lab) 
 
Once culture #3 reached the transfer threshold, it was mixed with 18 liters of nutrient 
media just as culture #1 was diluted into culture #2. This culture was delivered to 
Combined Power in Santee, San Diego by the project investigator. Combined Power 
required at least an 18L culture to inoculate its own horizontal photo-bioreactor. The 
initial culture density on March 16 was approximately 69,666 cells/mL, and at the time of 
delivery the density was most nearly 396,666 cells/mL. Figure 15 below shows the cell 
density with respect to time. The figure was created using the data from Table 4 in 
Appendix E. 
 
 
 
Figure 15. 19L culture density, 3/16/13 – 3/21/13. 
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Culture #5 
Culture Classification: Genus- Synechococcus 
Inoculation: March 16, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 1 liter (FSN Lab) 
 
Culture #5 was started at the same time as culture #4. The initial culture density on 
March 16 was approximately 69,666 cells/mL. The culture grew throughout spring break. 
Upon return from spring break the project investigator transferred the culture since it had 
reached the transfer threshold of approximately 1,000,000 cells/mL. The growth curve for 
culture #5 is shown in Figure 16 below. The figure was created using the data from Table 
5 in Appendix E. 
 
 
 
Figure 16. 1L culture density, 3/16/13 – 4/5/13. 
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Culture #6 
Culture Classification: Genus- Synechococcus 
Inoculation: April 5, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 20 liter (FSN Lab) 
 
Culture #5 was transferred into a 20L carboy. After being diluted by the nutrient media, 
the initial culture density was approximately 48,500 cells/mL. On April 24, 2013 the 
culture was transferred to the Main PBR. The culture density at the time of transfer was 
approximately 3,250,000 cells/mL. Figure 17 below shows the growth of culture #6 over 
time. The figure was created using the data from Table 6 in Appendix E. 
 
 
 
Figure 17. 20L culture density, 4/5/13 - 4/24/13. 
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Culture #7 (Main PBR) 
Culture Classification: Genus- Synechococcus 
Inoculation: April 22, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 80 liter (Main PBR) 
 
All previous cultures were grown in a lab environment, Culture #6 was used to inoculate 
the Main PBR where Melinda Keller conducted heat transfer experiments. The main PBR 
was subject to temperature cycling. The temperature ranged from 65 deg. F to 85 deg. F. 
The temperature cycle is shown in Figure 18 below. Data points were taken at both ends 
of the Main PBR. The culture density with respect to time for the Main PBR is shown on 
the next page in Figure 19. The figures were created using the data from Table 7 in 
Appendix E. 
 
 
 
Figure 18. Main PBR temperature cycle. 
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Figure 19. 80L culture density, 4/22/13 - 5/14/13 
   
24 
 
Culture #8 
Culture Classification: Genus- Synechococcus 
Inoculation: April 24, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 20 liter (FSN Lab) 
 
8 liters were taken from culture#6 to inoculate the Main PBR. The remaining 12 liters 
were diluted with nutrient media to bring the culture volume up to 20L. This culture was 
kept as a contingency incase the initial Main PBR culture crashed. The culture density 
with respect to time is shown in Figure 20 below. The figure was created using the data 
from Table 8 in Appendix E. 
 
 
 
Figure 20. 20L culture density, 4/24/13 - 5/14/13. 
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Culture #9 (Control PBR) 
Culture Classification: Genus- Synechococcus 
Inoculation: April 30, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 5.55 Liter (Control PBR) 
 
5 liters of nutrient medium were inoculated with 550 mL of culture #8 on April 30, 2013. 
This culture was used as the control experiment. The culture was forced to adapt to the 
ambient temperature. The culture was also in contact with direct sunlight compared to the 
main PBR, which was shaded. The culture density with respect to time is shown in Figure 
21 below. The figure was created using the data from Table 8 in Appendix E. 
 
 
Figure 21. 5.55L culture density, 4/30/13 - 5/14/13 
 
Mammoth Lakes Algae Collection 
 
As described in the Procedures & Methods section of this report, the project investigator 
traveled to Mammoth Lakes CA to potentially find a thermophilic strain of algae that 
could also be cultured and evaluated like the Synechococcus strain. The project 
investigator is shown on the next page in Figure 22 collecting samples of algae from the 
Shepard’s Hot Spring. The samples were sealed and taken back to Cal Poly to be 
analyzed in the FSN Lab. 
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Figure 22. Project Investigator at Shepard's Hot Spring. 
 
In Figure 23 and 24 below a view of the hot spring is shown. The project investigator 
collected samples of green algae found around the hot spring. Details on the algae 
collected at Shepard’s Hot Spring can be found in the Discussion section of this report. 
 
 
 
Figure 23. Shepard's Hot Spring, Mammoth Lakes CA. 
 
 
Figure 24. Green algae collected at Shepard's Hot Spring. 
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DISCUSSION 
 
Maximum Synechococcus Culture Temperature 
 
The project investigator was successful in starting a new culture using the stock culture 
donated by Combined Power. Bristol Medium proved to be an excellent medium to grow 
Synechococcus blue-green algae. The algae appear to grow optimally at temperatures 
between 70 and 90 degrees F. The initial 1-liter culture reached the transfer threshold day 
16 and was transferred day 17 into 18 liters of Bristol Medium. After 3 days the 19 L 
culture reached the transfer threshold. A space heater being used to keep the culture 
warm malfunctioned and caused the temperature to rise to 111 degrees F. On day 4 the 
project investigator discovered the culture had been bleached. The bleached culture was 
discarded and a new 1-liter culture was started using the stock culture. The maximum 
allowable temperature for the Synechococcus strain being tested appears to be between 
90 and 110 degrees F.  
Maximum Culture Density 
 
Dr. Brian Hampson suggested to use 1x10^6 [cells/mL] as a culture transfer threshold. To 
have optimum growth, a culture should be transferred, as it is transition in from the 
exponential growth phase the stationary growth phase. If transfers are timed correctly the 
culture can stay in exponential growth throughout the scaling process. This technique can 
be used to optimize culture scaling and increase profits on a commercial scale. The 20L 
culture from April 24 to May 14 shows stagnant growth. Refer to the data from culture #8 
in the results section or Appendix E. The density over that time period stayed flat 
between 2x10^6 and 3x10^6 [cells/mL]. The data from the 20L culture suggests that the 
maximum culture density for the given lab environment is between 2x10^6 and 3x10^6 
[cells/mL]. As a culture grows the algae consume the nutrients in the water. After the 
culture is in the stationary period for too long the death phase begins. Data collected by 
the project investigator shows an example of the death phase occurring. The project 
investigator added more Bristol media to revive the culture. Two consecutive low cell 
counts indicated the culture’s health was struggling. Additionally the project investigator 
could visually identify the culture’s health was in decline. Dr. Hampson stated that an 
algae culture is healthy when the cells are suspended in the nutrient solution. Cells begin 
to collect together at the bottom of the vessel when the culture is stressed. Figure 25 
below shows algae cells collecting at the bottom of the 20L culture. 
 
 
Figure 25. Death phase in 20L culture. 
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Nutrient Depletion 
 
The algae growth experiments taught the project investigator that a culture needs to be 
maintained over time. An algae culture population in decline indicates to the grower that 
the nutrients are being depleted. In this situation one can either transfer the culture to a 
larger size if the population is near the transfer threshold, or concentrated nutrients can be 
added to help boost the culture’s health. The project investigator would add 1.5 [mL/L] of 
Schultz Plant Food Plus (Gertrens, 2013). Dr. Hampson introduced this product to the 
project investigator. Dr. Hampson often uses this product to help promote rapid culture 
growth. 
 
Shepard’s Hot Spring, Mammoth Lakes CA 
 
The project investigator used the FSN Lab at Cal Poly to analyze the algae samples taken 
from the hot springs in Mammoth Lakes; CA. Figure 26 below shows an image taken 
with a microscope at the FSN lab. The algae sample was taken from Shepard’s Hot 
Spring. Refer to the Procedures & Methods section for the exact location of the hot 
spring. Figure 26 below indicated that the algae collected was not a free floating cell 
culture like the Synechococcus strain tested in this senior project. The algae appear to 
collect in longs strings. The image is focused specifically to show the algae strings. One 
of the strings shown is composed of many single cells attached to each other in a chain. 
While the project investigator was viewing the algae sample he noticed that many of the 
strings are built this way. It is difficult to show this in one image, because the microscope 
can only focus to show cells that exist in the same plane. As the microscope was focused 
in and out, the project investigator could see that many of the strings were composed of 
chains of single sells. The smaller strings may be too small to see due to the limitations of 
the microscope. This visual analysis suggests that the strings grow as chains of single 
cells.  
 
 
Figure 26. Shepard's Hot Spring algae sample. 
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Hot spring temperature. The hot spring maintains a temperature around 106-110 degrees 
F. (Shepard’s Hot Spring. 2013) This temperature range refers to the tub that hot spring 
enthusiast’s use. The temperature in this shallow spring, which is used to fill the tub, was 
considerably hotter. The project investigator was not able to take a temperature reading at 
the spring as he forgot to bring a temperature measurement device. The project 
investigator estimates the temperature in the spring could be as hot as 130 degrees F. 
Although the algae seem to grow in chains, this strain could be a candidate for use in 
future experiments. See the recommendations section of this report for more information. 
 
Evidence of Algae Culture Stress 
 
Environmental stresses cause algae to behave in certain ways. Throughout the course of 
this project the culture environment was controlled to promote rapid cell division. The 
Control PBR was the only culture that grew in a natural environment. Refer to Table 9 
for the Control PBR data. In the first few days of the Control PBR, the temperature was 
recorded between 70 and 85 degrees F. On May 6 the Control PBR experienced a 
temperature drop to 59 degrees F. Figure 27 below shows the groupings of the cells seen 
through the microscope in the FSN Lab. The project investigator hypothesized that the 
sudden drop in temperature could cause the cells to group together. The groups of cells 
seemed to mostly be in groups of 4. 
 
 
Figure 27. Control PBR culture stress. 
 
The stock culture is kept in a refrigerator set at 55 degrees F. At low temperatures the 
algae cells all fall out of suspension and collect at the bottom of the vessel holding the 
culture. In the Control PBR the low temperatures may have caused some of the culture to 
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collect at the bottom of the clear PVC pipe. The stock culture shown in Figure 28 below 
shows how the low temperature affects the suspension of algae cells. The dark green 
layer of cells at the bottom of the container indicates the cells are stressed and grouped 
together. 
 
 
Figure 28. Stock culture. 
 
Although the Control PBR seemed to experience environmental stresses, the culture still 
reached the transfer threshold. From May 6 to May 14 the stress remained visible during 
cell counts. The Main PBR reached the transfer threshold in 7 days, and the Control PBR 
reached the same level in 9 days. Low temperatures slowed down the growth of the 
Control PBR. Based on the data and visual analysis, the project investigator concluded 
that temperatures below 70 degrees F create environmental stresses for the 
Synechococcus algae. In Figure 29 below a photo of a Main PBR cell count is shown. 
The figure shows how the Main PBR algae cells are not grouped together as the Control 
PBR culture was. The single cells indicate a higher level of culture health.  
 
 
Figure 29. Culture health of Main PBR. 
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Air Mixing System 
 
The project investigator collected data that suggests that he air mixing system was 
successful in mixing the culture. Data samples were taken at two ends of the Main PBR. 
The cell count data for the Main PBR helped prove that the mixing was occurring. 
Additionally the project investigator could see and hear the bubbles mixing the fluid. 
Figure 30 below shows air bubbling inside the Main PBR.  
 
 
Figure 30. Main PBR air mixing system. 
 
Data from cell counts suggest that the mixing occurs slowly over several days. At day 0 
of the Main PBR culture the density data shows no algae cells present at the PBR exit 
side. For several days higher densities were recorded at the inlet side of the Main PBR. 
As time went on the culture density at each end of the PBR converged. By day 7 the exit 
density caught up with the inlet density. This data supports the conclusion that the air 
mixing system functioned as it was designed to. 
 
Conclusion 
 
The investigator found the project to be a success. Obstacles such as culture crash caused 
the need for iteration. Experience was gained in the process of starting algae culture. 
Additionally the project investigator learned how to transfer small-scale cultures to larger 
scales. Initially the project investigator was not sure a culture would survive the dramatic 
temperature swings created by Melinda Keller’s heat transfer experiments. The test pond 
was not capable of reaching the higher temperatures that Melinda Keller desired. The 
experimental data suggests that a temperature range between 70-90 degrees F is suitable 
for Synechococcus to thrive. 
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RECOMMENDATIONS 
Project Improvements 
 
To improve the results of this project more experiments could have been conducted to 
identify the productivity of the algae being tested. The use of pressurized carbon dioxide 
could have been used to conduct experiments to see how the Synechococcus reacts to 
higher levels of carbon dioxide. Cultures using atmospheric air could be compared to a 
culture being treated with concentrated carbon dioxide. Comparing the growth of small 
cultures with concentrated carbon dioxide would be appropriate in the FSN Lab. Dr. 
Hampson pointed out that atmospheric air contains a certain level of carbon dioxide and 
it is enough to support an algae culture. He explained that when trying to scale a system, 
it is not feasible to use concentrated carbon dioxide. His experience suggests that the 
costs of the carbon dioxide out weight the benefits for large-scale algae production 
applications. 
 
The data collected in this project could have been improved. Data points were taken daily 
when the FSN Lab was available. The charted data’s resolution could have been 
improved by taking more data points more often. Dr. Hampson built an indoor photo 
bioreactor several years ago. He shared that students working with him were responsible 
for taking four cells counts each day. If the project investigator gathered this quality of 
data, the results could have improved. More data would give the investigator more 
confidence that the results were accurate. Statistics tells us that a larger sample size will 
yield more accurate data. 
 
Although the air mixing system appeared to be successful, the project investigator could 
have taken more samples from the Main PBR. Samples were only taken from the two 
ends of the PBR. If the project investigator took samples at intermediate locations along 
the Main PBR, then the results would more definitely show that the air mixing system 
was a success. 
 
The test pond was constrained to a certain range of temperatures. The ability to obtain a 
larger temperature range in the test pond would have made it possible for the 
Synechococcus to be stressed to its max temperature in the Main PBR. The lab results 
showed that the algae bleached out at 111 degrees F. This result could have been repeated 
and confirmed if the pond heater was capable of creating higher pond temperatures.  
Project Continuation 
 
In a continuation of this project I would recommend that the project investigator repeat 
the experiments undertake. Iteration will help confirm the results of this project. The 
Main PBR culture could be repeated to show that the temperature range created by 
Melinda Keller’s heat transfer experiments was suitable for Synechococcus to thrive. 
Control PBR experiments would help confirm that lower temperatures cause the algae 
cells to stress and group together.  
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This project only used Bristol Medium to grow the algae. In a continuation of the project, 
different nutrient media could be tested with Synechococcus. This experiment could help 
identify the optimum medium for Synechococcus. Other nutrient media have different 
ingredients. The alternate ingredients could have positive or negative effects on the health 
of the culture. The various nutrient media could create an opportunity for discussion in a 
future project. 
 
In a future project, someone could develop processes that would aid in harvesting and 
transferring algae from one tube to another. The system that Melinda Keller is 
researching has the capacity to hold fifteen separate 80L cultures of algae. A future 
project could test other thermophilic algae collected by Combined Power. Additionally 
the algae collected in Mammoth Lakes could be experimented with. A system for de-
watering the algae could be developed.  
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Thermophilic Algae Strain for Use in Collected Solar Power 
Faculty Advisor - Melinda Keller, Mechanical Engineering 
mkeller@calpoly.edu 
805-756-1390 
 
The Keller Research Tank at the Bonderson Projects Center at Cal Poly is currently 
working with industry partners, So. Cal. Gas and Combined Power Cooperative, to 
develop a water efficient way to provide cooling to a new type of collected solar power 
plant. 
 
 In general, collected solar plants produce power by focusing sunlight from many places 
onto a central collector – magnifying the heat energy of the sun. Currently these 
systems operate best in the desert, where there is the most sunlight, and their biggest 
drawbacks are cost and the amount of water they use.  
 
We have a system that we are experimenting with that will drastically reduce the cost 
and water usage of the typical collected solar power plant. We are using thermal 
storage in the form of tube covered ponds. A side effect of these covered ponds is algae 
that likes to grow in the tubes.  
 
This proposal is to explore the possibility of developing an algae strain that likes the 
high temperature conditions in these tubes, can clean carbon dioxide by-products from 
the power cycle, and be harvested for food or fuel. 
 
 
1) A detailed statement of work with measurable objectives. Highlight the 
multidisciplinary nature of the project and how it will provide a contextual learning 
environment for the integration of STEM principles. Identify how innovation will play a 
key role in solving the problem. 
 
We are starting a multidisciplinary team Winter Quarter to add the thermophilic algae 
stage to our project. This team will need to use skills from engineering, biology, and 
agricultural engineering to grow a new strain of algae in these tubes – the photo 
bioreactor. The strain of algae and growth conditions (feed, light, heat) all will be varied 
to obtain the maximum parts per million. The students will have to innovate solutions to 
problems in fluid dynamics, bacteriology, systems integration, and communication to 
create a solution where the new algae strain will flourish. 
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Statement of Work 
TASK 
Research in library on thermophilic algae and suitable environment 
Visitation to lab and handling of algae from lab to test site 
Consultation with advisor and algae experts 
Prepare algae in lab for biomass production 
Materials procurement 
Photo Bioreactor construction and heating element construction 
Inoculation of algae and productivity analysis 
Modification to algae environment 
Thermal cycling of algae 
Final evaluation 
Preparation of written report 
TOTAL 
Hours 
10 
20 
20 
60 
30 
200 
60 
20 
100 
20 
__60__ 
600 
 
In these tasks 3 senior project students: BRAE, ENV, and FSN will work together to 
design, build, and test the life cycle of the algae. The FSN will work mostly with 
selecting the strains of algae and growing out the cultures, the ENV will construct the 
bubbling chambers and photo bioreactor system in the tubes, the BRAE will be in 
charge of growth and harvesting. All students will work together to grow the algae and 
evaluate algae production in the heated tubes vs. a control photo bioreactor in an 
untreated pond. Continuing master’s students, Bryce Willis (ME) and Travis McDaniel 
(GENE) will be in charge of integrating the algae system into the overall research tank. 
 
2) Identification of a project team with student participation from multiple departments 
along with the skill sets required to complete the project. 
 
Bryce Willis, Travis McDaniel, and Olivier Schmied are students already involved in 
working on the preliminary planning of this phase of the project. We are working with 
Tryg Lindquist and Brian Hampton, professors of Environmental Engineering and Food 
Science, to identify key team members from those disciplines to begin their senior 
projects next quarter. These two additional students will need to be excited about 
alternative energy and want to learn about algae as a food/fuel source.  
 
4) Identification of any potential industrial or non-profit partners. 
Combined Power Cooperative of Santee, CA is our partner in this project and is working 
on the heating side of this collected power plant. CPC is also helping by growing out 
some algae strains for us and providing tubing. So. Cal. Gas is providing guidance and 
may be supporting us with space to build a full commercial scale system if our results 
are positive. This may grow into a strong partnership between Cal Poly and So. Cal. 
Gas developing research opportunities in alternative energy. 
 
5) Identify resources required to complete the project including facilities, equipment and 
lab space. Include a description of how your findings will be disseminated. Will any 
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publications, presentation or participation in local or national competitions result from 
this project? Will the findings lead to the development of patentable intellectual property 
or other commercial opportunities? 
 
This project will use space in Brian Hampson’s food science lab as well as continue to 
use the Keller Research Tank in the Bonderson yard. We will need funding for building 
the heating unit for the algae, algae CO2 bubbling tank, mixers, and fuel to run the 
heaters.  
 
6) Provide a time-line for completion of the project along with major milestones. 
 
Jan: Assemble team; get all background information and foundation knowledge 
transferred to new team mates.  
Feb: Design photo bioreactors, begin inoculating new strains of algae and growing 
them in the FSN labs 
Mar: Order materials, begin building photo bioreactors 
Apr: Begin building photo bioreactors, bubbling tank, mixing chambers, and 
integrating heating system 
May: Introduce first strains of algae, get preliminary results 
Jun-Aug: Testing of strains with varying thermal ranges, CO2 levels. 
Sep: Analyze data, retest any promising strains, and begin final reports 
Oct: Present at Green Summit and Algae Conference. Reports to CPC and So Cal Gas 
Nov-Dec: Finish senior projects, presentations, and papers. 
 
7) Include a budget and identify how the funds will be utilized to achieve the project 
objectives. 
 
Equipment: 
Thermometer, Scale, Strainers    $100 
Propane Heater      $1500 
Facilities overhead to install heater   $1500 
Travel Expenses to hot springs to collect algae  $800 
Replacement Tubes     $300 
Fuel        $500 
Bubbling Chamber Construction    $200 
CO2        $100 
Total        $5000 
 
All funds will be used directly by the students to construct the environment for the algae. 
The only other expenses are to travel to collect the algae samples and for the overhead 
from facilities to install the heater. 
 
Intellectual property developed in this project will be property of Combined Power 
Cooperative. 
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 Cal Poly State University 
CP Connect Project Proposal Awards Winter 2013 
Date: March 19, 2013 
To: Professor Keller 
From: CPConnect Committee, Rich Savage 
Subject: Congratulations your Proposal Thermophillic Algae 
The CPConnect committee has reviewed your proposal and recommended that it be funded 
with $2,500.00. The funds are immediately available and all funds must be utilized for the 
project detailed in your proposal.  Please note any funds that are not spent by Jan 2014 will 
remain in the CPConnect pool of funds and not be available for your project. Your account 
number for the project is 60350 and you should submit all expense reports, check requests or 
purchase requisitions to the CENG Dean’s office (Wynette Winkler). Make sure to include your 
project advisor’s name, project title and above account number on all documents you submit 
along with appropriate receipts. 
Part of our mandate is to insure that the donors see the impact that their funds have made 
toward supporting multidisciplinary projects and enhancing the learning experience of students 
at Cal Poly. Accordingly, a comprehensive project report along with an executive summary is 
due to the CPConnect committee by Jan 2014. Please make sure your report is submitted to the 
Director of CPConnect. Please include any photos that show students working on the project 
and be sure to indicate if the results from the project will be presented at any conferences or 
national competitions. 
For future reference your scoring results from the CPConnect Committee are included in an 
attached spreadsheet. We hope this will help guide you through making improvements on your 
next project proposal. 
If you need space for working on your project please contact the Director of CPConnect and 
inquire about the CPConnect Project Lab. 
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Control PBR Assembly 
 
The Control PBR was built using a 2 foot length of 6 inch clear PVC, two 6 inch PVC 
caps, 3/16 inch vinyl tubing, heat shrink tubing, two 1/2 inch swing pipe adapters, and 2 
small air stones. The PVC caps were attached to the clear PVC pipe with PVC cement.  
The air stones were attached to the vinyl tubing for the mixing system. The heat shrink 
tubing was used to seal the Control PBR. The heat shrink tubing is rated for moisture seal 
applications and shrinks from the ½ inch swing pipe adapter to the 3/16 inch vinyl tubing. 
The assembled Control PBR and its components are shown in Figure 31 below. 
 
 
Figure 31. Control PBR Components. 
A 3D view of the Control PBR is shown in Figure 32 below. The air pump is connected 
to the Control PBR with vinyl tubing and a 3/16 inch brass nipple-nipple fitting. The 
figure shows how the air stones are used to mix the algae culture. 
 
 
Figure 32. Control PBR, air-mixing system. 
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The Control PBR placed in the control tank is shown below in Figure 33. The PBR was 
filled with 4.995 liters of nutrient media and inoculated with 555 ml of algae. The total 
volume of the Control PBR is 5.55L, and the inoculum was introduced at 10% of the total 
culture volume. The growth curve for this culture can be found in the results section of 
this report. 
 
 
Figure 33. Control PBR in control tank at M.E. project labs. 
 
In Figure 34 below the Control PBR is shown taken out of the control tank. The figure 
shows how the bubbles from the air stone float up though the culture. The agitation from 
the bubbles promotes gas exchange with the algae cells. 
 
 
Figure 34. Control PBR air-mixing example. 
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Main PBR Assembly 
 
The Main PBR is built using hardware developed by Combined Power in Santee San 
Diego. The hardware donated by combined power consists of the outer end caps, the 
inner end caps, inner plastic tubing, and outer plastic tubing. The project investigator 
integrated an air mixing system with the existing hardware. The air mixing system is 
made from 3/16 inch vinyl tubing with holes every meter to allow air to escape the vinyl 
tubing. The vinyl tubing is weighted so that the tubing lays flat on the bottom of the main 
PBR. This allows the air bubbles to travel the maximum distance to create optimum 
mixing. The air mixing system is attached to an air pump just as the Control PBR. The 
figures following below show how the various components of the Main PBR are 
assembled. 
 
Combined Power end cap. First the inner and outer end caps are assembled with stainless 
steel hose clamps. The inner end cap is attached to the inner tube. The inner tube’s 
primary purpose is to allow air to be blown through for Melinda Keller’s heat transfer 
experiments. The outer end cap is connected with the outer tube. The outer tube is what is 
holds the Main PBR algae culture. The tube diameter when inflated is ~6 inches. The end 
cap axle is used to hold the tube in place. The purple material on the inner and outer end 
cap represents the rubber material that helps seal the tube assembly. Figure 35 below 
shows the Combined Power end cap. 
 
 
Figure 35. Inner and outer end cap. 
 
Inner tube assembly. Refer to Figure 36 for the following description. The purple rubber 
material on the inner end cap is lightly coated with “high vacuum grease”. The grease is 
used to prevent leaks as the tubes become pressurized. For Melinda Keller’s heat transfer 
experiments, the inner tube represents 50% of the cross-sectional area of the tube 
assembly. The outer tube is submerged in the pond 50%. This leaves only the other 50% 
for air to be blown through. The inner tube has a diameter of 6 inch if inflated, but was 
modeled as if the outer tube was submerged and was only able to inflate as shown. The 
inner tube is attached to the inner end cap and secured with the inner end cap hose clamp. 
The inner end cap gasket is made from a foam door sealing material and is used to 
prevent the hose clamp from making a hole when tightened. The inner tube is sandwiched 
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between the purple rubber material and the inner end cap gasket. Once the inner end cap 
is attached to the inner tube, then the outer tube is ready to be attached. 
 
Figure 36. Inner tube assembly. 
 
Outer tube assembly. Refer to Figure 37 for the following description. Just as the inner 
tube was assembled, the outer tube is attached to the outer end cap. The purple rubber is 
coated with vacuum grease. The outer tube gasket and the purple rubber material 
sandwich the outer tube and allow the outer tube hose clamp to secure and seal the outer 
tube. The tightening of the hose clamp compresses the gasket and the rubber material. 
This compressing is enough to prevent air and water to escape the tube assembly. 
 
 
Figure 37. Outer tube assembly. 
Main PBR air mixing system. A 3/16 inch vinyl tube is used for the Main PBR air mixing 
system. A hole is made every meter to allow air to bubble through the algae culture. The 
air pump is connected to the Main PBR with vinyl tubing and a 3/16 inch brass nipple-
nipple fitting. Figure 38 on the next page shows the air mixing system and where the air 
pump is connected to the Main PBR. 
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Figure 38. Air mixing system. 
 
Figure 39 below shows the Main PBR installed in Melinda Keller’s test pond. The 
adjacent tubes are not inflated in this photo to show the position of the Main PBR.  
 
 
Figure 39. Main PBR in test pond. 
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Website: http://web.biosci.utexas.edu/utex/mediaDetail.aspx?mediaID=29 
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COUNTING CHAMBER INSTRUCTIONS 
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The number of cells per cubic millimeter =   
         Number of cells counted per square millimeter (big red circle)  X 10 
 
The number of cells per milliliter () =  
        Number of cells counted per square millimeter X 10,000 
 
One (1) Milliliter = 1000 cubic millimeters (cu mm) 
 
One (1) Microliter (ul) = One (1) cubic millimeter (cu mm)  (big red circle)  
 
But if students count number of cells per small blue circle you must multiply by 25 (“25 groups of 
16 small squares”). 
Thus, number of cells per milliliter based on counts from ONE of the per small blue circle  
       you must X 25 X 10,000  = 2.5 X 104  
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Reading a Hemacytometer 
 
 
 
 
 
At 10X, all 25 squares can be seen. 
 
Counting 1 of these squares & 
multiplying by 10,000 give the 
number of cells per mL because one 
square holds exactly 1/10,000
th
 of a 
milliliter. 
 
At 40X, only one whole square can 
be seen. 
The middle of the three lines on the 
edge is the one that counts.   
 
Count cells that touch the top & left 
line of the square of interest. 
 
Do not count the cells that touch the 
bottom or the right line. 
 
 
Courtesy of 
http://www.wisc.edu/ansci_repro/lab/procedur
es/hemacytometer/Hemocytometer%20use.ht
ml 
   
56 
 
Using this web site 
Using a Counting Chamber  
For microbiology, cell culture, and many applications that require use of suspensions of cells it is necessary to determine cell concentration. One can often 
determine cell density of a suspension spectrophotometrically, however that form of determination does not allow an assessment of cell viability, nor can one 
distinguish cell types. 
A device used for cell counting is called a counting chamber. The most widely used type of chamber is called a hemocytometer, since it was originally 
designed for performing blood cell counts.  
 
To prepare the counting chamber the mirror-like polished surface is carefully cleaned with lens paper. The coverslip is also cleaned. Coverslips for counting 
chambers are specially made and are thicker than those for conventional microscopy, since they must be heavy enough to overcome the surface tension of a 
drop of liquid. The coverslip is placed over the counting surface prior to putting on the cell suspension. The suspension is introduced into one of the V-shaped 
wells with a pasteur or other type of pipet. The area under the coverslip fills by capillary action. Enough liquid should be introduced so that the mirrored 
surface is just covered. The charged counting chamber is then placed on the microscope stage and the counting grid is brought into focus at low power. 
 
It is essential to be extremely careful with higher power objectives, since the counting chamber is much thicker than a conventional slide. The chamber or an 
objective lens may be damaged if the user is not not careful. One entire grid on standard hemacytometers with Neubauer rulings can be seen at 40x (4x 
objective). The main divisions separate the grid into 9 large squares (like a tic-tac-toe grid). Each square has a surface area of one square mm, and the depth of 
Page 1 of 2Counting cells using a microscope counting chamber (hemocytometer)
9/27/2004http://www.ruf.rice.edu/~bioslabs/methods/microscopy/cellcounting.html
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the chamber is 0.1 mm. Thus the entire counting grid lies under a volume of 0.9 mm-cubed. 
Cell suspensions should be dilute enough so that the cells do not overlap each other on the grid, and should be uniformly distributed. To perform the count, 
determine the magnification needed to recognize the desired cell type. Now systematically count the cells in selected squares so that the total count is 100 cells 
or so (number of cells needed for a statistically significant count). For large cells this may mean counting the four large corner squares and the middle one. For 
a dense suspension of small cells you may wish to count the cells in the four 1/25 sq. mm corners plus the middle square in the central square. Always decide 
on a specific counting patter to avoid bias. For cells that overlap a ruling, count a cell as "in" if it overlaps the top or right ruling, and "out" if it overlaps the 
bottom or left ruling. 
Here is how to determine a cell count using a standard hemocytometer. To get the final count in cells/ml, first divide the total count by 0.1 (chamber depth) 
then divide the result by the total surface area counted. For example if you counted 125 cells in each of the four large corner squares plus the middle, divide 
125 by 0.1, then divide the result by 5 mm-squared, which is the total area counted (each large square is 1 mm-squared). 125/ 0.1 = 1250. 1250/5 = 250 
cells/mm-cubed. There are 1000 mm-cubed per ml, so you calculate 250,000 cells/ml. Sometimes you will need to dilute a cell suspension to get the cell 
density low enough for counting. In that case you will need to multiply your final count by the dilution factor. For example, suppose that for counting we had 
to dilute a suspension of Chlamydomonas 10 fold. Suppose we obtained a final count of 250,000 cells/ml as above. Then the count in the original (undiluted) 
suspension is 10 x 250,000 which is 2,500,000 cells/ml.  
back to microscopy contents 
Copyright and Intended Use 
Created by David R. Caprette (caprette@rice.edu), Rice University 11 May 2000  
http://www.ruf.rice.edu/~bioslabs/methods/microscopy/cellcounting.html  
Page 2 of 2Counting cells using a microscope counting chamber (hemocytometer)
9/27/2004http://www.ruf.rice.edu/~bioslabs/methods/microscopy/cellcounting.html
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Culture Classification: Genus- Synechococcus 
Inoculation: January 25, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 1 liter (FSN Lab) 
 
Table 1. Cell-count data, 1/25/13 - 2/12/13, 1 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Average 
Cell 
Count 
[Cells/mL] 
0 25-Jan 1.10E+03 
3 28-Jan 1.05E+05 
3 28-Jan 1.25E+05 
4 29-Jan 1.45E+05 
4 29-Jan 2.25E+05 
5 30-Jan 5.60E+05 
5 30-Jan 2.60E+05 
5 30-Jan 3.50E+04 
6 31-Jan 3.60E+05 
6 31-Jan 3.40E+05 
6 31-Jan 6.95E+05 
7 1-Feb 4.70E+05 
8 2-Feb 6.90E+05 
8 2-Feb 5.95E+05 
8 2-Feb 6.30E+05 
10 4-Feb 6.70E+05 
10 4-Feb 7.50E+05 
10 4-Feb 7.55E+05 
11 5-Feb 8.25E+05 
11 5-Feb 1.07E+06 
11 5-Feb 8.55E+05 
12 6-Feb 6.60E+05 
12 6-Feb 7.25E+05 
12 6-Feb 7.75E+05 
13 7-Feb 1.10E+06 
13 7-Feb 9.95E+05 
13 7-Feb 1.10E+06 
16 11-Feb 1.51E+06 
16 11-Feb 1.10E+06 
16 11-Feb 1.16E+06 
17 12-Feb 1.70E+06 
17 12-Feb 1.73E+06 
17 12-Feb 1.55E+06 
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Culture Classification: Genus- Synechococcus 
Inoculation: February 12, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 19 liter (FSN Lab) 
 
Table 2. Cell-count data, 2/12/13 – 2/19/13, 19 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Average 
Cell 
Count 
[Cells/mL] 
0 12-Feb 1.30E+05 
0 12-Feb 9.00E+04 
0 12-Feb 1.00E+05 
1 13-Feb 2.00E+05 
1 13-Feb 8.00E+04 
1 13-Feb 1.55E+05 
2 14-Feb 4.50E+05 
2 14-Feb 5.35E+05 
2 14-Feb 5.15E+05 
3 15-Feb 8.70E+05 
3 15-Feb 8.05E+05 
3 15-Feb 1.09E+06 
4* 16-Feb 1.29E+06 
4* 16-Feb 1.29E+06 
4* 16-Feb 1.38E+06 
7* 19-Feb 1.68E+06 
7* 19-Feb 9.70E+05 
7* 19-Feb 1.20E+06 
 
* Temperature measured at 111 deg. F. 
* Upon return from the weekend, the culture lost all of its green pigment. 
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Culture Classification: Genus- Synechococcus 
Inoculation: February 21, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 1 liter (FSN Lab) 
 
Table 3. Cell-count data, 2/21/13 – 3/16/13, 1 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Average 
Cell Count 
[Cells/mL] 
0 21-Feb 0 
0 21-Feb 0 
0 21-Feb 5.00E+03 
1 22-Feb 2.50E+04 
1 22-Feb 5.00E+03 
1 22-Feb 0.00E+00 
4 25-Feb 2.75E+05 
4 25-Feb 2.20E+05 
4 25-Feb 2.40E+05 
5 26-Feb 5.50E+05 
5 26-Feb 2.85E+05 
5 26-Feb 4.65E+05 
12 5-Mar 2.23E+06 
12 5-Mar 1.23E+06 
12 5-Mar 1.27E+06 
18 11-Mar 1.67E+06 
18 11-Mar 1.69E+06 
18 11-Mar 1.73E+06 
20 13-Mar 1.59E+06 
20 13-Mar 1.36E+06 
20 13-Mar 1.59E+06 
23 16-Mar 1.69E+06 
23 16-Mar 1.92E+06 
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Culture Classification: Genus- Synechococcus 
Inoculation: March 16, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 19 liter (FSN Lab) 
 
Table 4. Cell-count data, 3/16/13 – 3/21/13, 19 Liter 
Day 
[#] 
Date 
[Day-Month] 
Average 
Cell 
Count 
[Cells/mL] 
Temperature 
[F] 
0 16-Mar 5.50E+04 76 
0 16-Mar 9.50E+04 76 
0 16-Mar 6.00E+04 76 
1 17-Mar 1.60E+05 90 
1 17-Mar 1.25E+05 90 
2 18-Mar 1.80E+05 85 
2 18-Mar 1.55E+05 85 
3 19-Mar 1.80E+05 85 
3 19-Mar 2.00E+05 85 
3 19-Mar 2.40E+05 85 
4 20-Mar 2.30E+05 87 
4 20-Mar 3.30E+05 87 
4 20-Mar 2.90E+05 87 
4 20-Mar 2.20E+05 87 
5 21-Mar 2.70E+05 87 
5 21-Mar 5.40E+05 87 
5 21-Mar 3.10E+05 87 
5 21-Mar 3.40E+05 87 
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Culture Classification: Genus- Synechococcus 
Inoculation: March 16, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 1 liter (FSN Lab) 
 
Table 5. Cell-count data, 3/16/13 – 4/15/13, 1 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Average 
Cell 
Count 
[Cells/mL] 
Temperature 
[F] 
0 16-Mar 5.50E+04 76 
0 16-Mar 9.50E+04 76 
0 16-Mar 6.00E+04 76 
1 17-Mar 8.50E+04 90 
1 17-Mar 7.50E+04 90 
2 18-Mar 8.50E+04 85 
2 18-Mar 1.00E+05 85 
3 19-Mar 1.60E+05 85 
3 19-Mar 9.00E+04 85 
3 19-Mar 2.00E+05 85 
4 20-Mar 1.10E+05 87 
4 20-Mar 1.10E+05 87 
4 20-Mar 8.00E+04 87 
4 20-Mar 1.10E+05 87 
5 21-Mar 4.00E+04 87 
5 21-Mar 1.40E+05 87 
5 21-Mar 6.00E+04 87 
5 21-Mar 1.20E+05 87 
20 5-Apr 9.10E+05 87 
20 5-Apr 1.00E+06 87 
20 5-Apr 1.00E+06 87 
20 5-Apr 6.30E+05 87 
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Culture Classification: Genus- Synechococcus 
Inoculation: April 5, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 20 liter (FSN Lab) 
 
Table 6. Cell-count data, 4/5/13 – 4/24/13, 20 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Average 
Cell 
Count 
[Cells/mL] 
Temperature 
[F] 
0 5-Apr 4.55E+04 75 
0 5-Apr 5.00E+04 75 
0 5-Apr 5.00E+04 75 
3 8-Apr 4.80E+05 75 
3 8-Apr 4.20E+05 75 
3 8-Apr 5.80E+05 75 
3 8-Apr 4.10E+05 75 
4 9-Apr 6.20E+05 75 
4 9-Apr 9.10E+05 75 
4 9-Apr 8.60E+05 75 
4 9-Apr 9.90E+05 75 
5 10-Apr 7.00E+05 75 
5 10-Apr 7.10E+05 75 
5 10-Apr 6.70E+05 75 
5 10-Apr 5.00E+05 75 
6 11-Apr 8.10E+05 75 
6 11-Apr 7.70E+05 75 
6 11-Apr 9.30E+05 75 
6 11-Apr 7.80E+05 75 
7 12-Apr 1.15E+06 75 
7 12-Apr 1.00E+06 75 
7 12-Apr 9.80E+05 75 
7 12-Apr 1.04E+06 75 
14 19-Apr 1.98E+06 75 
14 19-Apr 1.79E+08 75 
14 19-Apr 1.75E+06 75 
14 19-Apr 2.15E+06 75 
17 22-Apr 1.51E+06 75 
17 22-Apr 1.77E+06 75 
17 22-Apr 1.87E+06 75 
17 22-Apr 1.65E+06 75 
19 24-Apr 2.95E+06 75 
19 24-Apr 3.55E+06 75 
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Culture Classification: Genus- Synechococcus 
Inoculation: April 22, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 80 liter (Main PBR) 
 
Table 7. Cell-count data, 4/22/13 – 5/14/13, 80 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Inlet 
Count 
[Cells/ml] 
Exit 
Count 
[Cells/ml] 
Average 
Count 
[Cells/ml] 
Temp. 
[F] 
0 22-Apr 4.10E+05 2.00E+04 215000 69 
0 22-Apr 5.40E+05 0.00E+00 270000 69 
0 22-Apr 5.30E+05 2.00E+04 275000 69 
0 22-Apr 6.70E+05 1.00E+04 340000 69 
1 23-Apr 0.00E+00 0.00E+00 0 65 
1 23-Apr 2.00E+04 2.00E+04 20000 65 
1 23-Apr 6.00E+04 1.00E+04 35000 65 
1 23-Apr 4.00E+04 0.00E+00 20000 65 
2 24-Apr 1.20E+05 5.00E+04 85000 86 
2 24-Apr 1.50E+05 6.00E+04 105000 86 
2 24-Apr 1.50E+05 1.00E+05 125000 86 
2 24-Apr 1.00E+05 4.00E+04 70000 86 
3 25-Apr 6.00E+05 1.00E+05 350000 83 
3 25-Apr 3.90E+05 7.00E+04 230000 83 
3 25-Apr 6.40E+05 1.00E+05 370000 83 
3 25-Apr 7.10E+05 1.10E+05 410000 83 
7 29-Apr 1.04E+06 4.50E+05 745000 71 
7 29-Apr 1.08E+06 4.50E+05 765000 71 
7 29-Apr 1.17E+06 4.80E+05 825000 71 
7 29-Apr 9.20E+05 5.30E+05 725000 71 
8 30-Apr 1.35E+06 1.27E+06 1310000 65 
8 30-Apr 1.61E+06 1.53E+06 1570000 65 
8 30-Apr 1.57E+06 1.47E+06 1520000 65 
8 30-Apr 2.15E+06 1.63E+06 1890000 65 
9 1-May 2.15E+06 1.80E+06 1975000 75 
9 1-May 1.55E+06 1.95E+06 1750000 75 
10 2-May 1.75E+06 1.60E+06 1675000 80 
10 2-May 1.55E+06 1.70E+06 1625000 80 
14 6-May 1.00E+06 1.10E+06 1050000 75 
14 6-May 1.20E+06 1.30E+06 1250000 75 
15 7-May 1.10E+06 2.00E+06 1550000 70 
15 7-May 1.20E+06 2.45E+06 1825000 70 
16 8-May 1.45E+06 2.15E+06 1800000 84 
16 8-May 1.25E+06 1.95E+06 1600000 84 
17 9-May 1.00E+06 1.90E+06 1450000 80 
17 9-May 1.50E+06 1.80E+06 1650000 80 
21 13-May 2.05E+06 3.50E+06 2775000 75 
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21 13-May 1.40E+06 3.25E+06 2325000 75 
22 14-May 1.65E+06 6.55E+06 4100000 70 
22 14-May 2.00E+06 7.95E+06 4975000 70 
 
Culture Classification: Genus- Synechococcus 
Inoculation: April 24, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 20 liter (FSN Lab) 
 
Table 8. Cell-count data, 4/24/13 – 5/14/13, 20 Liter 
Table 8. Cell-count data, 4/24/13 – 5/14/13, 20 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Average 
Cell 
Count 
[Cells/mL] 
Temperature 
[F] 
0 24-Apr 1.25E+06 75 
0 24-Apr 2.30E+06 75 
1 25-Apr 1.90E+06 75 
1 25-Apr 1.45E+06 75 
5 29-Apr 1.65E+06 75 
5 29-Apr 3.70E+06 75 
5 29-Apr 2.35E+06 75 
6 30-Apr 2.30E+06 75 
6 30-Apr 2.95E+06 75 
6 30-Apr 3.05E+06 75 
7 1-May 1.70E+06 75 
7 1-May 2.10E+06 75 
8 2-May 2.35E+06 85 
8 2-May 1.65E+06 85 
12 6-May 8.00E+05 75 
12 6-May 8.50E+05 75 
13 7-May 1.35E+06 75 
13 7-May 5.50E+05 75 
14 8-May 1.60E+06 80 
14 8-May 2.60E+06 80 
15 9-May 2.25E+06 80 
15 9-May 1.60E+06 80 
19 13-May 2.25E+06 85 
19 13-May 3.25E+06 85 
20 14-May 2.35E+06 84 
20 14-May 2.50E+06 84 
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Culture Classification: Genus- Synechococcus 
Inoculation: April 30, 2013 
Nutrient Medium: Bristol Medium, Schultz Plant Food Plus (1.5 mL / Liter solution) 
Volume: 5.55 Liter (Control PBR) 
 
Table 9. Cell-count data, 4/30/13 – 5/14/13, 20 Liter 
Day 
[#] 
Date 
[Day-
Month] 
Cell Count 
[Cells/mL] 
Temperature 
[F] 
0 30-Apr 2.80E+05 75 
0 30-Apr 2.20E+05 75 
0 30-Apr 2.20E+05 75 
0 30-Apr 1.70E+05 75 
1 1-May 1.00E+04 73 
1 1-May 2.00E+04 73 
1 1-May 3.00E+04 73 
1 1-May 2.00E+04 73 
2 2-May 8.00E+04 80 
2 2-May 8.00E+04 80 
2 2-May 6.00E+04 80 
2 2-May 5.00E+04 80 
6 6-May 5.80E+05 59 
6 6-May 3.90E+05 59 
6 6-May 3.00E+05 59 
6 6-May 5.00E+05 59 
7 7-May 1.00E+05 59 
7 7-May 1.00E+05 59 
7 7-May 9.50E+04 59 
7 7-May 1.05E+05 59 
8 8-May 9.00E+04 60 
8 8-May 6.00E+04 60 
8 8-May 9.00E+04 60 
8 8-May 6.00E+04 60 
9 9-May 1.24E+06 69 
9 9-May 9.20E+05 69 
9 9-May 1.20E+06 69 
9 9-May 1.08E+06 69 
13 13-May 1.80E+06 65 
13 13-May 2.36E+06 65 
13 13-May 1.48E+06 65 
13 13-May 2.12E+06 65 
14 14-May 3.88E+06 62 
14 14-May 3.00E+06 62 
14 14-May 3.72E+06 62 
14 14-May 3.76E+06 62 
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APPENDIX F:  
ALGAE CULTURE GROWTH STAGES 
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Figure 10 in the Results section of this report shows the various stages that an algal 
culture experiences throughout its life. This appendix is meant to compare the stages of 
growth with the data collected by the project investigator. Figure 40 below shows the #8 
culture growth curve. The culture appears to have a stationary culture population from 
day 0 through 8. The red line represents the trend that the algae culture is at a stationary 
population. The project investigator saw that the population was dropping between day 8 
and 14. The green line shows the death phase beginning to occur. The project investigator 
hypothesized that the algae culture was entering the death phase. The project investigator 
needed the culture to survive to complete the project. To prevent the entire culture from 
dying, nutrients were added to help boost the culture. 
 
 
Figure 40. Stationary and death stage. 
 
In Figure 41 on the next page of this appendix the #3 culture growth curve is shown. The 
red line represents the exponential stage of growth. The culture becomes stationary after 
10 days of exponential growth. To optimize production of algae, the best time to transfer 
cultures is when the exponential phase ending and the stationary phase is beginning. This 
transfer method promotes the culture to stay in an exponential growth phase. 
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Figure 41. Exponential and stationary stage. 
 
 
 
